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OF AN NACA 63-210 AIRFOIL SECI'Im 

WITHAL-m=-CHORDFLAR . 

By Milton Ma Klein. 

zreseure aistributio~~ and force measurements were made ia 
the Lsrgley t~?o:dimensiona,l low-tuz.-bulence :zessure tunnel at 
low Mach nukbers and hich Reynolds numbers of an IJACA 65-2~ airfoil 
oqtip~i: with a w-percent-chord plain fla?. The tests Gem 
carried out for flq aefloctions of O", 4O, 7O, and loo. The data 
showed that these flat deflections provir3ed considerably reduced 
drag coefficients at lift coeffi.cFents above the design r-0 6‘f 
the plain airfoil. The veriatlons of maximum lift, minimum dreg,. 
and pitching moment at mitirnm Grag with flag deflection were 
nealy linear, within the r-e of fla2 deflections tested. The 
measured. increments of the pitching moment and of the an&e of zero 
lift resulting, frcnn fla? deflection comgred satisfactorily with 
those calculated frcxu U-&n-airfoil theory. 

IUERC~ION --. 

Force coefficients and chordtise gessure Ustributions 
obtained in high Reynolds number and low Mach number tests of an 
SSACA 65-210 airfoil equipped Ftith a W-percent-cho53. fla.2 are 
pnesented. The originel Dutzgose of the woi% we.13 to investigate 
the follotring two problems: - s .---__. 

(1) The possfbility of increasing tne .cr%.tical &.ch numbers 
of thin airfoils at lift coefficients above the &sign range by 
providing increased camber through the deflection of a large-chord 
flq. 

(2) The possfbility that variable camber obtain& by flap 
deflection would pertit the attafnment of low di-e..gs at lift 
coefficients above the normal tirfoil design ra.n.ge. 

-- 
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2 N&X TN No. .u67 

In view of the rapid decrease of the critical Eiech numbers 
of thin airfoils outside the desim range, which Is xedictad in 
the m~ilxmentary figures of reilerence 1, it sIgears iaWt0nt 
to investigate the possiWlitg of incrcasi~ the critical. Mach 
numbers of thin airfoils at lift coefficients above the design 
range n Recent high-speed work (unpublisheil data from Ames 
Aeronautical Laboratory) has indicated, however, that above the 
design lift raqe low-ayeed data do not suffice to Termit grcdiction 
of the Mach number at Tghich critical caRressibility effecte occur- 

Accordingly, the sQnificance of tho first poblem aBears 
at xesent to be somewhat uncertain. The measuze< ;rreesuze dietri- 
butions and their correlation with thin-airfoil theory, however, 
aRpeas of coneide;lable interest; the dreg ree~~lta are also of 
interest with regard to the attairment of low &age at lift 
coefficients above the design range of the Rlain airfoil. 

The tests were made in thd Langley two-dimonsion& low- 
turbulence pessure tunnel. 
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s pressure coefficient 
Ho - P 

(. > 90 
x dIstence alone; chordmeasured fromleadix eQe 

3 

. 

Y distance perpendicular to chord line measured from chord line 

a0 section angle of attack 

aZO 
angle of zero lift 

6f flap deflectlon 

Subscripts: 

mex m&mum 

min mix&mum 

MODELS AND TESTS 

The models used in the pesent tests were made of maho&any 
laminated Ln the spanwitJe direction. Four models, each having a 
chord of 24 inches, were made with flay deflections of O", 4’, 7’, 
and 100. The flap deflections were obtained by rotating the rear- 
werd helf of the airfoil about the point on the lower surface at 
the 50"percent chordtiee position. Ordinates for the undeflected 
8Arfoil are given in table I, and the method of deflection is shown 
in the sketch above the table. The method of t.e&ln& ~33 the 881138 
a8 that described in reference 1 for 2-foot-chord model6 in the 
Langley two-dimensional low-turbulence presame tmnel. 

Lift, drag, end pitching moment were obtaine for the f ap- 
neutral cation at Reynolds llumbers of 3.0 x 10 % a i 6.0 X 10 , 
and 9.0 x lo6 end for the various flap deflection8 at a Reynolti 
number of 6.0 x 10~. Lift and drag with stenderd roughness applied 
to the leading edge were obtained for flas deflections of 00, 4', 
end 7' at a Reynolds number of 6.0 x 106. Z'resaurs distributions 
were obtained for ell the flap deflectfons at a Reynolds number 
of 6.0 x 10 6 for a range of angle of attack frcrm moderate negative 
values to beyond the positive stall. The highest Mach number 
encountered during the tests was lees than 0.15. 



Corrections for the e;fects of v-ind+urinel VU interference 
upon the an&e of attack end. the eerodyr~~~~I.c ccerficisnts wezc 
made by the method5 described in the appendix of reieranca 2:. The 
mqnltude of the corrections wc;s of the o~dcr of only a few percent. 

The lift,, drag, and pitchiq-moment.cheracteristics for flap 
deflection5 cf 00, ho, To3 atx~ loo of the NACA &j-2:0 aLr;;il 
section are presented'in fimlres 1 to 4, reepcctivaly. 
corresyx&kt?g pressure diatrib~~tions ere.ehown in figures 5 to 8. 
The poesure distributions for the various flap d&ie&iorie, ~EI 
expected, dhow peaks on the u>lxr and lower surfaces i&r the 
50..percont chordwise position vhere the direction of the surface 
cherges ra@dly. The lift coeff:cietits at which a pressure peak 
first appears at the nose are increased by flap defLection. 

Tho variations with fla?-deflectior~of scct9on maWmun lift 
coefficient, section minimtm drew coefLXcient, andEcaf;ion ptttch.ixq- 
mmf3n: coefffctent at m-l.nim~ drag are shown in fjcure 9 LOX a 

Reynolds number of 6.0 X lOon The variati~m 0P these cocfftiients 
with flap deflection are nearly linear. A flap deflection of 100 
increases the maximum lift coefficient fzcm 1.33 to 1*59, jrxreases 
the tinJmum drw coefficient from 0.003C to 0.0056, and neca6ivel.y 
increases the pitchirz-moment oosfffcient f&k .-O.gZ5 to -O.X?2* 

As has ali*ew been Im$I.~ed, the zritr?col Mach number that is 
obtained fYom low-qeed ~esour~ distrLbuticg5 doe.5 not.define the 
break in the curfe of lift coefficient .zgc?inst.Mach number for a 
given anqle of attack. Actv&y, outside the design r.wqe the 
break may occur at Mach numbers considera3I.y hi&er thau the 
predicted critical Mach numbe;* (as E&WII by unpublished d&a rh*~an 
Ames Aeronautical Labozatoiy). 3'or the ecdilre of cozpletcxess, however, 
CWX~S 01:' predicted critical Mach nut&elm qydr& lqw-eped soctian 
lift coefficient (ccmputed b~me%15 of tho critical. Mach number 
chart ofreference 1, p. S83) are presented in figure 2.0. The 
envolo>e curve, also drawn Jn fipe 10, ehowa that the smell flap' 
deflections povide large increases in the predicted critica?. 
Mach numbers at moderately high lift coefficIent5. - 

The.drw curvae of figures I to 4 for a Reynolds number of 
6.0 x 106 ax..' s plotted together in ffgure,U al.org tith their en-r&lope. 
Figze I1 shcws the loxeat drw coefficients obtninable for the 
flqged airfoil as a function of lift coefficient. The hi&eat lift 
coefficient for which a l&r drag coefficient wad obtained was 0.76 

, 
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at 6f = loo. The corresponding drw coefficient, 0.0059, was much 
less than that of the ;@ain airfoil at'the same lift coefficient but 
was appreciably hi,@er then the drag coefficients measured on 
airfoils designed for the higher lift r&&e. 

In order to check the validity of thin-airfoil theory for large- 
chord flaza, a compsrison is gx-sented in the following table of the 
experimental and calculated increments, due to flar, deflection, of 
the angle of zero lift and the pitching moment about the quarter 
chord point: 

. 

3.28 2.90 -01035 -0.040 

5=73 5.90 -.06x ~067 

8.17 7-90 -.087 -.08’7 e 

The calculated values in this table were obtained by the method of 
reference 2. The takle indicates that for a large-chord flap 
reasonably accurate values of the angle of zei'o lift and of the 
pitching-mcment coefficient msy be obtained fram thin-&rfoil theory. 

CONCLUSIO3E 

PressLlre distributions and force measu;'ements at low Mach numbers 
and high Reynolds numbers on an NJ-CA e~-210 airfoil with a W-percent- 
chord flap deflected 00, b", To, end loo fndicated the following 
conclusions: 

(1) Considerable reduction of the drq coefficients above the 
low-drag rerqe of the plain airfoil may be effected by use of smell 
deflections of a large-chord flap. 

(2) The variations of maximum lift, minimum drag, and pitching 
moment at minimum drag with flag deflection were nearly linear within 
the range of flaR deflections tested. 



6 I 
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1 

(3) Reasonably acc~rrak ralves of the an&o of zei'o lift and 
the pitching-moment coefficient for tirfolls with large-chard 
f1a-p mqy to obtained earn thin-airi"cQ the&*y- 

Y 

Langley Memorlel Aermutical Laboratory 
National Advlsq Camittee for Aeronavkics 

Lar&Ley Field, Va., July 8, 1946 . 

1. Ab-bGtt, Ira H., van Iloenhoff, fDert E., and Stivero, Louis S., Jr.: 
Smmry of-Airfoil Data. NkCA AE No. QXOj, 1947. 

2. Glaueri, H.: Theoretical Eelationehips for an Aerofoil with 
Hinged Flap. r,. &z M. No. 1095, BYItioll A.R.C., 2927. 

I c. - 

l 



NACA TN No. 1167 7- 

. 

. 

T&BE3 I.- ORDINATES E'OR TRE 
NACA 65.210 AIRFOIL SECTION, + = 0' 

. 
btations and ordinates given In 

peroent of airfoil chord 

Upper Surface 1 Lower stleaae 

Station Ordinate I [Station [Ordinate 

L.E. radiusa 0.687 
Slope of radius through L.E.r o*o& 

NATIONAL ADVISORY 
COMMITTEE FDR AERDNAUTICS 
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NACA TN No. 1167 Fig. 8f 
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Fig. 9 i . NACA TN No. 1167 
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Figure 9.- variation of section coefficients of maximum lift, minimum 
drag., and pitching moment at ~mlnimun drag. with flap deflection for 
the NACA 65-210 airfoil section. R = 6.0 x 106. 



- WLI!A TN No. 1167 Fig. 10 _ 
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Low-speed section lift coefficient, ct 

Figure lO.- Variation of predicted CriticalMach number with low-speed- 
section lift coefficient for the NACA 65-210 airfoil section at 
several flap deflections. 
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Figure Xl.1 Drag IXI.FEIB for the KACA 65-210 afrfoil sedfon at several f'hp 
defleotions aA their envelope. R - 6.0 x 106. 
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